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ABSTRACT. Vertical vibration tests on surface and embedded footings of different dimensions were performed 
by Fry (1963) and Beredugo (1971). Analytical predictions were reported by Manyando (1991) based on nonlinear, 
frequency independent stiffness and damping coefficients for surface foundations. The authors present, in this paper, 
a mathematical model for predicting the response, in terms of amplitude versus frequency, for surface or embedded, 
irregular shaped foundations system under vertical vibration considering soil non-linearity and frequency dependent 
stiffness and geometrical damping parameters. The frequency dependent stiffness and geometrical damping parameters 
are based on Gazetas's work (1991). The predicted and measured natural frequency and resonant amplitude were in 
close agreement. The analysis provides strong support for the importance of using non-linear frequency dependent 
parameters analysis in evaluating the response of foundation systems subjected to vertical vibration. 
A. INTRODUCTION 
Analyses to evaluate the response of foundation-soil-systems 
subjected to dynamic loading applications have been finding 
increased application in geotechnical engineering practices. Various 
idealized models and analytical techniques are used to evaluate its 
response. The dynamic analysis of foundation systems consists 
of two major elements: (1) cyclic characteristics of soils (Seed 
and Idriss, 1970; Hardin and Drnevich, 1972 a and b; Richart, 
1975; Seed et al., 1986; Vucetic and Dobry, 1991), and (2) the 
dynamic response of foundation systems subjected to different 
modes of vibrations (Lysmer and Richart, 1965; Beredugo and 
Novak, 1972; Meek and Veletsos, 1973; Novak et al., 1978; 
Kausel and Ushijima, 1979; Rosset, 1980a, b; Novak and Sheta, 
1980; Dobry eta!., 1982; Velez et al., 1983; Pais and Kausel, 
1985; Nogami and Konagai, 1985; and Gazetas, 1992). 
In recent years there has been a considerable increase in the 
number of data derived for the evaluation of stiffness and damping 
constants, and evaluating the response of various footings using the 
theory of elastic homogeneous half-space. Thus, it is very useful 
to compile the many data available, augmented them, and 
condensed them into a unified approach and simple empirical 
expressions. Finally, the theory should be verified by comparing 
it with the results of experiments, regarding the applicability of the 
experiment to a really physical situation. 
-~ A very simple and versatile model has been assembled in 
' this_ paper for estim.ating the respo~se ~f ri~id foundation systems 
subJected to a vertical mode of vibration, m terms of amplitude 
versus frequency, with arbitrary base shaped, on surface or 
embedded in a homogeneous half-space and with partial or 
complete sidewall-soil contact. The proposal prediction model 
considered frequency dependent parameters, proposed by Gazetas 
(1991), and the degradation of soil shear modulus and material 
damping with shear strain, and other soil parameters that 
significantly affect the system response. The proposed model has 
been compared with performance data available in literature. 
B. PROPOSED PREDICTION MODEL 
Design of foundation systems subjected to dynamic loads 
is a trial and error procedure. Initial dimensions are selected 
considering such factors as the dimensions of the supported 
machines, designed machine's elevation, and the normal static 
bearing stress of the bearing strata. The trial design must be 
analyzed to determine its response to the design dynamic loading, 
and then readjusted and reanalyzed if necessary. 
This paper is specifically concerned with a practical method 
for carrying out the required dynamic analysis. This analysis uses 
a system of lumped masses, springs, and dashpots that is 
approximately equivalent to the actual foundation-soil system. In 
such systems, the mass represents all of the inertia present in the 
actual system while the springs and dashpots, respectively, 
represent all of the flexibility and damping present in the actual 
system. 
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A complete set of closed forms equations for readily 
computing the frequency dependent stiffness and geometrical 
damping coefficients of a foundation harmonically oscillating on/in 
a homogeneous half-space under a vertical oscillating force are 
presented in this paper. These algebraic formulas are based on 
Gazetas's work, 1991. A published mathematical solution of the 
lumped system is used in this study to estimate the response of the 
actual system in terms of amplitude versus frequency. 
1. Non-Linear Dynamic Properties of Soils. Dynamic 
properties of soils are key steps for evaluating the response of 
machine foundations. It is necessary to determine the appropriate 
stress-strain and energy absorbing properties of the material in the 
deposit. The most useful and Versatile approach to this problem, 
when no permanent deformations are involved, appears to use of 
equivalent linear analysis procedures, in which shear modulus and 
damping ratios are considered strain-dependent and values are 
selected, by iteration techniques, which is compatible with the 
strain developed in the soil element under consideration. This 
method has been used with considerable success in analyzing the 
response of soil deposits for design purposes (Seed et al., 1972). 
Many investigators have studied the relationship between 
shear modulus and shear strain. Detailed discussions regarding 
reported data and parameters significantly affect the relationship 
are available in literature. The utilized shear modulus and material 
damping degradation mathematical models are not the objective of 
this paper. The direct iteration procedure is used in this study 
because it offers direct and simple computer programming logic, 
and the results, to any degree of accuracy, can be obtained by 
successive iterations. 
2. Dynamic Response of Foundation Systems. Application 
of computational methods to a specific engineering problem 
requires substantial expertise in idealizing the actual system, and 
entails sufficient data-preparation and computation expenses. Thus, 
the effort needed to obtain a set of usable correlation for the 
parameters required for dynamic analysis. Gazetas (1991) 
published a set of algebraic formulas and dimensionless graphs for 
computing the static stiffness, K; dynamic stiffness, k(w); and 
damping coefficient, C of foundations harmonically oscillating 
on/in a homogeneous half-space. A realistic range of Poisson's 
ratios, and a practically sufficient range of oscillation frequencies 
is considered. The foundations have a rigid basement of any 
realistic solid geometric shape. The embedded foundations are 
prismatic, have a sidewall-soil contact surface of height, d which 
may be only a fraction of the embeddement depth, D. A complete 
set of mathematical models for the graphs, presented by Gazetas, 
is presented in this paper. 
The component K(w), termed "dynamic stiffness 
coefficient," reflects the stiffness and the inertia of the supporting 
soil. It is expressed as: 
K{c..>) = K. k(c..>) (1) 
Its dependence on frequency is attributed solely to the influence 
that frequency exerts on inertia, since soil properties are practically 
frequency independent. K, is the static stiffness and k(w) is the 
dynamic stiffness coefficient. 
Static stiffness 
K 11 =[2GL/ (1-v)] (0.73+1.54x0·75 ) 
Kr:,emb = K11 [1+0.0481{D/B) {1+1.3X)] 
[1 + 0. 2 {A,/ Ab) 2 / 3 ] 
where A., = actual sidewall-soil contact area 
Ab = base-soil contact area 
X = Ab I 4L2 
v = soil's Poisson's ratio 




Dynamic stiffness coefficient 
for v ::5: 0.4 
for LIB = 1.0 
kz = 1.696+0.14a1-o.2s9e•· 
-Q.41e ...... 
for LIB = 10.0 
kz = 0.4-Q.997a;5+0.201a; 
+0.603e•· 
where a, = w B I V, 
V, = shear wave velocity 
(4) 
(5) 
To evaluate k. for any other LIB value, interpolation shall be 
applied. 
In case of fully embedded foundation: 
kz,&mb • k.-[1-0.09 (D/B)0.75a~] 
In case of a trench 
for v "~ 0.48 
for LIB = 1.0 
k = -0.941+2.417a -1 3..,a 1.s 
z 0 • 1 ' 0 
+1.94le"""• 
for LIB = 6.0 
kz = l.66+0.435a~·5+0.446a:·s 
-0.662e·· 
In case of fully embedded with LIB = 1 - 2 
kz,emb- k.-[1-0.09(D/B) 0 · 75a~] 
In case of fully embedded with LIB ~ 3 
kz,&mb- k:z[1-0.35{D/B) 0 ·5a~· 5 ] 








It should be noted that for all v, partially embedded; 
interpolation is applicable. 
The parameter C is the radiation damping coefficient. This 
coefficient doesn't include the soil hysteratic damping, t, to 
incorporate such damping, one simply adds the corresponding 
material dashpot constant to the foregoing (radiation) C value. 
Mathematically it can be presented as: 
total c =radiation C + ZK~ (13) 
(a) 
Radiation dashpot coefficient 
for 11 s; 0.4 
for LIB = 1.0 
ell:= 0.927-1.43aol.S_1.51ao2 lnao (14) 
+1.46a02 ' 5 
for LIB = 10.0 
1.17-0. 0354a0 2 ' 5 + 0.143 (lna0 ) 2 
+0. 00065lna 0 /a 0
2 
(15) 
For 11 = 0.5 a correction factor shall be applied to 
Equations 14 and 15. It could be expressed as follows: 




where p = soil's mass density 
VIa= Lysmer's analog wave velocity 
= 3.4 V,/11'(1 - 11) 
Having obtained the spring stiffness and the dashpot 
constants, the response of the foundation system can be evaluated 
using: 
where M = total mass of foundation and machine 
w = operating frequency 
K,= equivalent spring constant of the soil 
C = damping of the soil 





based on elastic halfspace analog solution 
considers soil's non-linearity 
considers frequency dependent stiffness and 
dashpot constants 
Based on the above mentioned criteria, the scheme 
presented herein after is proposed for the prediction model: 
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1 - consider the value of Gmax based on a given value or 
available soil properties 
2 - calculate the spring and dashpot constants for a 
starting frequency value within the anticipated 
range; Equations 1-18 
3 - evaluate the damped amplitude of vibration and the 
corresponding shear strain for this Particular 
frequency; Equation 19 
4 - evaluate the corresponding shear modulus ratio and 
material damping based on the estimated shear 
strain 
5 - compare the estimated shear modulus with the 
applied shear modulus value and correct for it and 
reanalyze if necessary until satisfactory convergence 
is achieved 
6 - repeat steps one to five for this particular frequency 
until approaching a numerically stabilized status 
7 - for different frequency values repeat steps one to 
six until covering the required frequency range and 
obtaining the full sweep curve for frequency versus 
amplitude 
8- based on step seven, the engineer can evaluate the 
natural frequency and the maximum amplitude of 
vibration. 
C. MODEL VERIFICATION AND RESULTS 
Comprehensive experimental results of different model 
footings embedded at various depths in different types of soils and 
having circular, square, and rectangular base shapes were reported 
by Fry (1963) and Novak and Beredugo (1971). The results of 
vertical mode of vibration are used herein to verify the 
homogeneous halfspace solutions presented in this study. Soils test 
results and foundation's geometry is presented in Table I, and 
Table II. Each base was tested with different eccentricities to 
produce different excitation force levels resulting in different 
response curves per base. The response data have been reported as 
plots of amplitude versus frequency and phase angle versus 
frequency. 
In an earlier study, Richart and Whitman (1967) used the 
elastic half space analog to compare test data reported by Fry 
(1963) with theory for vertical mode of vibration. From their 
study, they concluded that predictions in the range of 0.5 to 2.0 
times the measured quantities are acceptable in practice considering 
the limitations from the assumption of an ideal elastic half space. 
In the presented analysis, the prediction model considers the effect 
of soil's non-linearity and other significant factors that been 
mentioned earlier in this paper. For comparison, the amplitude 
difference percentage (A.D.%) and the frequency difference 
percentage (F. D.%) for each case were computed. Amplitude 
difference percentage is the absolute difference between unity and 
the ratio of predicted amplitude to measured amplitude as a 
percentage. Similarly, the frequency difference percentage is the 
absolute difference between unity and the ratio of predicted 
frequency to measured frequency as a percentage. 
In order to summarize comparisons for the WES Site, the 
test results have been presented in a tabulated form as shown in 
Table III. Predicted and measured results, including resonant 
amplitude and natural frequency, are also listed. The amplitude 
and frequency differences' percentage are also listed. To compare 
predicted results using frequency dependent parameters and 
frequency independent parameters, the results of Manyando 
(1990) are also included in Table III. 
Figures I (a and b) summarizes the model results for 
vertical mode of vibration tests performed at the WES site. Figure 
I (a) presents the comparison between measured and predicted 
resonant amplitude values that appears close to the 1: I line with a 
general difference average of 16.6 %. Similarly, Figure !(b) 
presents the comparison between measured and predicted natural 
frequencies' values that appear close to the 1:1 line for most of the 
cases with a general difference average of 37.7 %. Both results 
imply a satisfactory performance of the model considering the 
scarcity of soil properties' data for the WES site. 
A comparison between model results based on frequency 
dependent parameters, proposed in this study, and results obtained 
by Manyando (1991) based on frequency independent parameters 
has been carried on this study. The frequency dependent model, 
proposed in this study, showed an average difference for resonant 
amplitude and natural frequency of 16.6% and 37.7% 
respectively, compared to 47.4% and 105% by the frequency 
independent model. Results are presented in Figures 2 (a and b) 
for resonant amplitude and natural frequency respectively. Figures 
2 (a and b) shows clearly the higher prediction accuracy of the 
results obtained by the frequency dependent model compared to 
that obtained by the frequency independent model by Manyando 
1991. 
In order to summarize comparisons, the test results for 
Eglin site has been presented in a tabulated form as shown in 
Table IV. Predicted and measured results, including resonant 
amplitude and natural frequency, are listed in Table IV. The 
amplitude and frequency differences' percentage are also listed in 
Table IV. To compare predicted results using frequency dependent 
parameters and frequency independent parameters, the results of 
Manyando (1991) are also included in Table IV. 
Figures 3 (a and b) summarize the model results for 
vertical mode of vibration tests performed at the Eglin site. Figure 
3(a) presents the comparison between measured and predicted 
resonant amplitude values that appears close to the 1: I line with a 
total difference average of 26.9 %. Similarly, Figure 3(b) presents 
the comparison between measured and predicted natural frequency 
values scattered to the side of the 1: 1 line for most of the cases 
with a general difference average of 24.7 %. Both results imply a 
satisfactory performance of the model. 
A comparison between model results based on frequency 
dependent parameters, proposed in this study, and results obtained 
by Manyando (1991) based on frequency independent parameters 
has been carried on this study. Results are presented in Figures 4 
(a and b) for resonant amplitude and natural frequency 
respectively. Figures 4 (a) shows a close prediction accuracy of 
resonant amplitude by both models. Figures 4 (b) shows clearly the 
higher, natural frequency, prediction accuracy of the results 
obtained by the frequency dependent model compared to that 
obtained by the frequency independent model (Manyando 1991). 
To summarize comparisons for the Univ. of Western 
Ontario, the test results have been presented in a tabulated form 
as shown in Table V and Table VI for square and rectangular 
footings respectively. Similarly, predicted and measured results, 
including resonant amplitude and natural frequency, are listed 
in Table V and Table VI. The amplitude and frequency 
differences' percentage are also listed in Table XII and Table 
XIII. 
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Figures 5 (a and b) summarized the model results for 
vertical mode of vibration of square and rectangular bases, 
performed at the University of Western Ontario site. Figure 
5 (a) presents the comparison between measured and predicted 
resonant amplitude values that are close to the 1: I line with a 
general difference average of 18.9 % and 15.3% for square and 
rectangular base respectively. Similarly, Figure 5 (b) presents the 
comparison between measured and predicted natural frequency 
values scattered around the 1: I line with a general difference 
average of 12.2 % and 12.7 % for square and rectangular bases 
respectively. Both results imply a satisfactory performance of the 
model. 
D. CONCLUSIONS 
The proposed model predicts the resonant amplitude and 
natural frequency with a general average accuracy of 90% and 
82% respectively for surface footings and 80% and 86% 
respectively for embedded footings, as a general average in the 
case of cohesive soils for different sites. The proposed model 
predicts the resonant amplitude and natural frequency with a 
general average accuracy of73% and 76% respectively in the case 
of cohesionless soil. 
Frequency dependent, nonlinear model, presented in this 
study, shows a higher prediction accuracy compared to the 
published frequency independent model (Manyando 1991) which 
is applicable, only, for surface footings. For cohesive soils at the 
Vicksburg site the average predicted difference, using the proposed 
model in this study, for resonant amplitude and natural frequency 
are 16.6% and 37.7% respectively compared to 47.4 and 105% for 
the frequency independent model. In case of cohesionless soil at 
Eglin site, the frequency independent model results are not 
available for footings been investigated in this study. 
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Table l SELECTED SOIL'S PROPERTIES FOR DIFFERENT EXPERIMENT SITES 
SITE SOIL TOTAL TmiT SHEAR POISSON'S PU..STICITY 
CLASSIFICATION WEIGHT, l MODULUS RATIO, 
' 
INDEX, PI 
(KN/m1 ) G_, 
(KN/m1 ) 
VICKSBURG, WES CL 18.47 36660.0 0.34 7.0 
(FRY, 1963) 
EGLIN SP 16.72 16300.0 0.33 
---
(FRY, 1963) 
NOVAK & CL 16 .171 31625.0 0.38 7.0 
BEREDUGO 
(1972) 
Table ll FOOTING'S GEOMETRY FOR DIFFERENT EXPERIMENTS SITES 
FOOTING'S DIMENSION BASE BASE '-
WEIGHT VIBRATOR 
WEIGHT 
SITE FOOTING LENGTH WIDTH HEIGHT EMBEDMENT (I(N) (ICN) 




1.4 0.36 0.00 32.12 114.05 
VICKSBURG 2 DIAM. = 1.98 0.521 0.00 57.22 137.76 
& 3 DIAM. 
-
2.43 0.61 0.00 R3.24 137.76 
C:ULIN 4 DIAM. 
-
3.15 0.622 0.00 112.85 228.1 
FRY (1963) s Oil\M . . 2.21 O.CJVi 0.00 S7.22 137.76 
0.68 0.68 1. 22 0.00 --- 14.19 
,;UUJil<C: 0.60 0.68 1. 2:.:! 0.23 --- 14.19 
0.6A 0.68 l . 22 0. 46 --- 14.19 
NOVAK & 0.68 0.68 1. 22 0. 91 --- 14.19 
BEREDUGO 0.963 0.482 1. 22 0.00 --- 14.19 
(1972) 0.963 0.482 1. 22 0.23 --- 14.19 
RECT. 0963 0.482 1.22 0.46 --- 14.19 
0.963 0.482 1. 22 0.91 --- 14.19 
Table Ill FREQUENCY DEPENDENT MODEL RESULTS COMPARED WITH MEASURED AND FREQUENCY 
INDEPENDENT MODEL DATA FOR VERTICAL MODE OF VIBRATION; VICKSBURG SITE (WES) 
BASE MODIFIED ECC. RESONANT AMPLITUDE NATURAL FREQUENCY A.D. F.O. 
MASS (m•l0" 1) (Hz) 
RATIO (m • FIELD F. o·. F. ID.' FIELD F. D'. F. ID'. (>) (\) 
10"1 ) 
1-1 0.37 0.270 0.332 0.256 0.260 16-0 19.42 18.96 23.0 21.0 
0.530 0.762 0.508 0.517 14. 2 18.22 16.64 33.0 28.0 
0.800 1. 254 0.761 0.778 13.2 17.27 15.40 39.0 31.0 
1.060 1.745 1. 011 1. 040 12.4 16.47 14-29 42.0 33.0 
2 0.13 0.270 0 .ll5 0.141 0.204 22.5 24.03 37.00 23.0 6.80 
0. 530 0.271 0.281 0.420 20.5 23.40 33.03 4.00 14.0 
0.800 0.420 0.422 N/A 17.0 22.76 N/A 0.00 34.0 
1.060 0.501 0.561 0. 840 15.6 22.20 29.28 12.0 42.0 
3 0.09 0.270 0.095 0.107 0. 149 23.0 33.74 75.27 13.0 47.0 
0.530 0.208 0. 213 0.297 20.5 33.18 68.44 2.00 62.0 
0.800 0.323 0.320 0.447 20.0 32.55 65.01 1. 00 63.0 
1.060 0.457 0. 4 26 0.595 18.8 32.07 60.80 7.00 71.0 
' Frequency Dependent (ElBast:awisy) ' Frequency Independent {Manyando) 
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Tabla IV FREQUENCY DEPENDENT MODEL RESULTS COMPARED WITH MEASURED AND FREQUENCY 
INDEPENDENT MODEL DATA FOR VERTICAL MODE OF VIBRATION; EGLIN SITE 
BASE MODIFIED 
MASS 
ECC. "f..'~'l'l,!\1'1 AMPLITUDE NA~t FREQUENCY A.D. F.D. 
RATIO ,<~./ FIELD F. D'. F. ro·. FIELD F. D'. F. ro·. {\) (\) 
2 0.18 0.270 0.152 0.144 0.139 16.0 15.76 22.49 5.50 1. 50 
0.530 0.340 0.281 0.276 15.0 15.36 20.92 17.5 2.00 
0.800 0.441 0.416 0.415 15.0 14.96 19.73 5.50 0.00 
1. 060 0.576 0. 549 0.552 15.0 14.64 18.80 4. 50 2.00 
3 0.10 0.270 0.234 0.111 0.118 16.0 21.25 47.60 53.0 33.0 
0.530 0.395 0.221 0.235 15.5 21.17 45.13 44.0 37.0 
0.800 0. 541 0.330 0.353 14.9 21.09 43.00 39.0 41.7 
1. 060 0.626 0.438 0.47 15.0 20.85 41.21 30.0 39.0 
4 0.07 0.270 0.115 0. 071 N/A 16.2 16.87 N/A 38.0 4.00 
0.530 0. 229 0.139 N/A 15.3 16.95 N/A 39.0 11.0 
0.800 0.343 0.208 N/A 14.5 16.87 N/A 39.0 16.0 
1.060 0.457 0.276 N/A 14.1 16.79 N/A 39.0 19.0 
5 0.13 0.270 0.142 0.107 N/A 17.0 21.00 N/A 23.0 24.0 
0. 530 0.264 0. 214 N/A 16.0 23.00 N/A 19.0 44.0 
0.800 0.382 0.323 N/A )6.0 23.00 N/A 15.0 44.0 
, n~n 
n '"~ n. 4l1 "'" 
H n ?R nn 
"" 
oo n '1C n 









FREQUENCY DEPENDENT MODEL RESULTS COMPARED WITH MEASURED DATA FOR VERTICAL 
MODE OF VIBRATION OF SQUARE FOOTINGS; UNIVERSITY OF WESTERN ONTARIO SITE 
MODIFIED (:J.m RESONANT AMPLITUDE NATURAL FREQUE:NCY A.D. F.D. MASS (rn*lo·l) (Hz) 
•1o·•) 
RATIO F<R<.o R D'. FT~LD F. o· • 
2.40 1. 93 0. 054 0.053 38.75 37.88 2.00 2.00 
2.89 0.087 0.079 36.00 37.24 9.00 3.00 
3.84 0.125 0.105 34.0 36.61 16.0 8.00 
5.73 0.184 0.157 31.17 35.49 15.0 14.0 
2.40 1. 93 0.041 0.035 45.17 48.70 15.0 8.00 
2.89 0.067 0.052 42.67 48.11 22.0 13.0 
3.84 0.096 0.069 41.00 47.67 28.0 16.0 
5.73 0.145 0.103 37.33 46.63 29.0 25.0 
2.40 1.93 0.041 0.028 51.67 60.00 32.0 16.0 
2.89 0.050 0.042 46.67 58.00 16.0 24.0 
3.84 0.068 0.055 45.50 55.00 19.0 21.0 
5.73 0.107 0.082 42.00 51.00 n.o 21.0 
2.40 2.89 0.016 0.020 60.00 63.58 25.0 6.00 
3.84 0. 023 0.030 60.00 63.58 30.0 6.00 
5.73 0.041 0.040 60.00 63.58 2.00 6.00 









FREQUENCY DEPENDENT MODEL RESULTS COMPARED WITH MEASURED DATA FOR VERTICAL 
MODE OF VIBRATION OF RECTANGULAR FOOTINGS; UNIVERSITY OF WESTERN 
ONTARIO SITE 
MODIFIED eg RESONANT AMPLITUDE NATURAL FREQUENCY A.D. F.D. 
MASS (Kn.rn (m•l0" 1 ) (Hz.) 
•lO'l) 
RATIO FIELD F. D'. FIELD F. D'. {\) (\) 
2.40 1. 93 0.047 0. 052 48.33 39.95 11.0 17.0 
3.84 0.104 0.104 42.67 38.68 0.00 9.00 
5.73 0.156 0.155 39.17 37.56 0.00 4. 00 
2.40 1. 93 0.031 0. 035 53.33 53.08 13.0 0.00 
3.84 0.077 0.070 46.67 51.89 9.00 11.0 
5.73 0.127 0.104 43.42 50.77 18.0 17.0 
2.40 1. 93 0.024 0.028 57.50 60.00 17.0 4.00 
3.84 0.062 0.056 50.83 60.00 9.00 18.0 
5.73 0.103 0.084 46.17 58.00 18.0 26.0 
2.40 3.84 0.026 0.039 56.67 63.58 50.0 12.0 
5.73 0.065 0.059 53.33 63.58 9.00 19.0 
1 Frequency Oependent (ElBaata'llfiay) 
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Figure 1 
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